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(54) Hydraulic control of the rotation of a body about an axis 



(57) Rotation of a body about an axis (82) is 
achieved by moving an arm (81) extending from the 
body. The mechanism for moving the arm includes a hy- 
draulic ram having a ram cylinder (84), which is connect- 
ed to the arm (81), and a ram rod (86). The end of the 
ram rod (86) which is remote from the ram cylinder is 
engageable with one of series of anchor members (85a, 
85b, 85c) mounted on a platform, in a circle or on an arc 



of a circle. The end of the ram rod (86), when disen- 
gaged from an anchor member, is guided to an adjacent 
anchor member along a circular, or arcuate, guiding 
means (89). This mechanism is suitable for the rotation 
of a support frame (15) of a large dish (12) of a solar 
collector antenna about a vertical axis (20), as part of 
the arrangement whereby the dish support frame (15) 
is moved - for example, to enable the dish to track the 
sun. 
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Description 

Technical Field 

[0001] This invention concerns the rotation of rigid 5 
structures about an axis. This invention was developed 
to control the rotation of a structure on which a large 
dish antenna - of the type used for radio telescopes, so- 
lar collectors, satellite communication, and the like - has 
been mounted. In this application, the invention is part 
of the arrangement for controlling the orientation of the 
dish antenna. In view of this historical background, the 
description of the invention in this specification will con- 
centrate on this application of the invention. However, it 
will be appreciated that the present invention is not lim- 
ited in its application to the rotation of structures which 
support large dish antennas. 

Background to the Invention 

[0002] Dish-like antennas which are used as, for ex- 
ample, receivers of signals from satellites, solar collec- 
tors and radio telescopes, utilise a reflecting dish to fo- 
cus electro-magnetic radiation upon a receiver. The dish 
comprises a reflective or conductive surface which is 
mounted on a rigid frame. The dish, with its supporting 
frame, is manipulated by one of a number of conven- 
tional techniques, discussed below, to point continuous- 
ly to the object from which the antenna receives electro- 
magnetic radiation. 

[0003] A problem with large dish antennas is associ- 
ated with the rotation of the antenna structure about a 
vertical axis, which is an integral part of the "tracking" of 
the antenna to keep its line of sight directed at a partic- 
ular object (thesun.inthecase of a solar collector). Nor- 
mally, this rotation of the antenna structure is effected 
using a motor which drives a pinion. The pinion engages 
with an arcuate or circular toothed track. The motor, 
which is electrically or hydraulically powered, drives the 
pinion through a reduction gearbox, so that the antenna 
is rotated continuously, yet slowly, about a vertical axis. 
[0004] Such electric or hydraulic motors, with their re- 
duction gearboxes, are expensive components. Fur- 
thermore, should there be a power failure, provision 
must be made to "off steer" the antenna rapidly to avoid 
potential damage to the receiver of electromagnetic ra- 
diation. The "off-steering" device requires a back-up 
power supply to enable it to function in an emergency. 
The back-up power supply is usually a bank of batteries, 
which require regular maintenance as well as adding to 
the capital cost of the antenna installation. 

Disclosure of the Present Invention 

[0005] It is an objective of the present invention to pro- 
vide a new mechanism for rotating a body such as a 
large dish antenna. 

[0006] In one realisation of the present invention (in 
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its application to a large dish antenna) an arm which ex- 
tends from the vertical axis of rotation of the base frame 
of an antenna (this arm is rigidly connected to or consti- 
tutes a component of the base frame of the antenna, on 
which a dish supporting frame is mounted) to the cylin- 
der of a double-acting hydraulic ram. The free end of the 
rod of the hydraulic ram is connected to one of a plurality 
of anchor members which are rigidly mounted on the 
earth or on the platform on which the base frame is 
mounted. The anchor members are approximately equi- 
spaced around a circle having its centre at the vertical 
axis of rotation of the antenna. When the hydraulic ram 
is contracted, it pulls the end of the arm towards the an- 
chor member to which the end of the ram rod is connect- 
ed, and thus rotates the antenna about its vertical axis. 
At a predetermined point in the contraction of the ram, 
the contraction ceases, the arm is locked in the position 
it has reached, and the free end of the ram rod is dis- 
connected from the anchor member. Then the ram is 
expanded and the free end of the ram rod is guided to 
the next anchor member of the circle of anchor mem- 
bers. Upon arrival at the next anchor member, the ex- 
pansion of the ram is ceased, the free end of the ram 
rod is connected to the next anchor member, and the 
antenna arm is unlocked. The ram is then contracted to 
re-start the movement of the arm, and thus of the an- 
tenna, about the vertical axis. 
[0007] Reversing this sequence will cause the anten- 
na to be slowly rotated about its vertical axis in the op- 
posite direction. 

[0008] Since the movement of the free end of ram rod 
can be effected rapidly while the arms is locked, there 
is no significant interruption of the slow rotational move- 
ment of a tracking antenna. In fact, for large antennas 
used as solar collectors, for which the present Invention 
was developed, the dimensions of the components of 
the solar energy collection arrangement are such that 
stepwise contraction of the hydraulic ram is normally 
used to rotate and reposition the antenna structure. This 
will be explained in more detail later in this specification. 
[0009] Not only is such a rotational drive mechanism 
substantially less costly than the conventional drive mo- 
tor and its associated accurately laid track with which 
the pinion driven by the drive motor engages, but the 
emergency "back up" arrangement for off-steering the 
antenna can be the same ram arrangement adapted to 
be driven by pressurised gas (for example, nitrogen) 
from a cylinder of the gas. 

[0010] It will be appreciated that, as noted above, this 
mechanism for rotating a dish antenna can be used to 
rotate other bodies. 

[0011] Thus, according to the present invention there 
is provided a mechanism for rotating a body (such as a 
large dish antenna for collecting solar energy) about an 
axis, said mechanism comprising 

(a) an arm attached to or forming part of said body, 
and extending generally radially from said axis; 
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(b) a hydraulic ram having a ram cylinder and a ram 
rod actuated by hydraulic fluid within said ram cyl- 
inder, said ram cylinder being connected to said 
arm; 

(c) a plurality of substantially equi-spaced anchor 
members fixedly mounted on a platform on which 
said body is mounted, said anchor members lying 
on a circle, or on an arc of a circle, the plane of said 
circle being orthogonal to said axis and the centre 
of said circle being on said axis; 

(d) means for engaging the end of said ram rod 
which is remote from said ram cylinder with a se- 
lected one of said anchor members; 

(e) substantially circular, or arcuate, guiding means 
for guiding said end of said ram rod from said se- 
lected ram anchor member to an adjacent anchor 
member; 

(f) locking means for temporarily locking said arm 
in locations occupied by said arm in its rotational 
movement about said axis; and 

(g) hydraulic control means for expanding and con- 
tracting said hydraulic ram. 

[0012] For a better understanding of the present in- 
vention, an embodiment thereof will now be described, 
by way of example only, with reference to the accompa- 
nying drawings. 

Brief Description of the Accompanying Drawings 

[0013] Figure 1 is a perspective sketch of a dish an- 
tenna designed by the present inventors for the collec- 
tion of solar radiation, for which the present invention 
was developed. 

[0014] Figure 2 is a side elevational view of the an- 
tenna of Figure 1 . 

[0015] Figures 3, 4 and 5 are schematic drawings 
which illustrate how the mechanism of the present in- 
vention rotates a large body, such as the antenna of Fig- 
ures 1 and 2, about an axis. 

Detailed Description of the Illustrated Embodiment 

[0016] The dish antenna 10 illustrated in Figures 1 
and 2 was designed by the present inventors and has 
been assembled at The Australian National University, 
in Canberra, Australia. It comprises a dish 1 2 construct- 
ed using a number of reflecting dish segments or panels 
31 which are mounted on a dish supporting frame 15. 
The dish 12 is a spherical reflector having a hexagonal 
periphery. The shorter edges of the hexagonal periphery 
are 21 .8 metres long and its longer edges are 24.7 me- 
tres long. The dish has an aperture of 400 square me- 
tres. If this dish should focus the sun (which subtends 
an angle of about 0.5° at the earth) sharply, the sun's 
image would have a diameter of approximately 14cm. 
Such an image of the sun would create such a concen- 
tration of energy at the focus that most materials used 
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in equipment to harness the sun's energy would be dam- 
aged. Thus the dish 12 is designed to form a "fuzzy" 
image of the sun, having an area of about five times the 
sharply focused image, at its focal region. A "receiver" 

5 1 3 of the solar energy, which is supported by stmts 21 , 
is positioned at the focal region of the dish 12. In the 
solar collector built by the present inventors, the receiver 
13 comprises a coiled tube which is used to generate 
high quality steam (that is, steam at high pressure and 

10 high temperature - although the temperature of the 
steam is limited by its application, for most steam tur- 
bines cannot accept steam at a temperature in excess 
of 500° C). 

[0017] It is emphasised that the solar collector fea- 
15 tured in Figures 1 and 2 is but one example of a rotatable 
structure with which the present invention may be used 
and the present invention is not limited in its application 
to solar energy collectors generally, or to antenna con- 
figurations which are similar to that illustrated in Figures 
20 1 and 2. 

[0018] The dish supporting frame 15 is pivotally con- 
nected by a horizontal tilt axis 1 4 to a base frame 1 1 of 
the antenna structure. The elevation of the line of sight 
32 of the dish antenna is controlled by movement of the 

25 dish 12 and its support frame 15 about the tilt axis 14 
using a hydraulic ram arrangement 16 which controls 
the movement of a sub-frame 1 7 that extends from the 
dish support frame of the solar collector antenna. How- 
ever, any other suitable drive mechanism (such as a 

30 screw drive, a rack and pinion mechanism, or a recircu- 
lating ball mechanism) could be substituted for this tilting 
arrangement. 

[0019] The base frame 1 1 of the antenna is mounted 
for rotation about a vertical axis 20, which is at the centre 

35 of a circular track 18. In conventional large antennas, 
the rotation of the main or base frame 11 about the axis 
20 would be effected by drive motors, driving pinions 
which engage a circular track. The solar collector anten- 
na constructed by the present inventors utilises a drffer- 

40 ent form of frame rotating mechanism, constructed in 
accordance with the present invention. 
[0020] Figures 3, 4 and 5 are schematic views, from 
above, of one implementation of the present invention. 
The body (for example, the base frame 1 1 of the antenna 

45 of Figures 1 and 2) to be rotated about an axis 82 is 
provided with an arm 81 which extends generally radi- 
ally from the axis 82. The arm 81 may be an integral part 
of the body to be rotated. The cylinder 85 of a double 
acting hydraulic ram is connected to the arm 81 at or 

50 near its free end . The hydraulic ram is extended and the 
free end of the rod 86 of the ram is connected to an an- 
chor member 85a. Anchor member 85a is one of a plu- 
rality of anchor members 85a, 85b, 85c, ... which are 
rigidly mounted on a circle centred at the axis 82. The 

55 hydraulic ram is contracted, and the action of moving 
the ram rod 86 into the ram cylinder 84 pulls the end of 
the arm 81 towards the anchor member 85a. Thus the 
body to which the arm 81 is attached (or of which the 
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arm 81 forms a part) is rotated In the direction of arrow 
87 about the vertical axis 82, 
[0021] At a predetermined contraction of the hydraulic 
ram, shown in Figure 4, the contraction of the ram ceas- 
es. At this point, the arm 81 is locked in its location and 
the end of the ram rod 86 which has been connected to 
the anchor member 85a is released from that anchor 
member. In some instances, it may not be necessary to 
lock or clamp the arm 81 in its location when the con- 
traction of the ram ceases. However, the locking of the 
arm 81 is necessary when the body being rotated is a 
large dish antenna, because wind forces on the antenna 
dish and its supporting structure may cause the antenna 
to rotate in the opposite direction to arrow 87. 
[0022] The hydraulic ram is then expanded. This ex- 
pansion causes the end of the ram rod 86 to move along 
a generally circular guide 89 until it reaches a predeter- 
mined degree of expansion, shown in Figure 5, which 
occurs when the free end of the ram rod reaches the 
next anchor member 85b. At this point, the ram rod is 
connected to the anchor member 85b, the arm 81 is un- 
locked, and the contraction of the hydraulic ram begins 
again, to continue the rotation of the arm 81 in the di- 
rection of arrow 87. 

[0023] If complete rotation of the body is not required, 
the anchor means 85a, 85b, 85c will normally be mount- 
ed on an arc of a circle and the guide or guiding means 
89 will be, correspondingly, on an arc of a circle. 
[0024] When the body to be rotated by this mecha- 
nism is a large dish antenna of the type illustrated on 
Figures 1 and 2, the "receiver" upon which the light from 
thesun is focused is larger than the sun's "fuzzy" image. 
Typically the image of the sun remains within the receiv- 
er's target zone for about 20 seconds, so that it is only 
necessary to adjust the position of the collector every 
20 seconds or so, when the image is about to leave the 
receiver target zone. Using the arrangement illustrated 
in Figures 3, 4 and 5, it has been found that it is conven- 
ient to contract the hydraulic ram in steps, every 15sec- 
onds. This is easily achieved by controlling the volume 
of fluid in each chamber of the hydraulic ram and does 
not require any feedback arrangement; the control of the 
position of the antenna's collector is achieved by merely 
controlling the amount of fluid pumped by a hydraulic 
motor. Furthermore, although the rotation of the arm 81 
in the direction of arrow 87 is a very slow rotation, when 
the end of the ram rod has to be moved from one anchor 
member to the next anchor member, the ram can be 
driven ata relatively high speed, such that the time from 
reaching the end of travel and being disconnected from 
one anchor member to the time of being connected to 
the adjacent anchor member and commencing the next 
contraction of the ram is only about 15 seconds. Thus 
the time taken in moving the ram rod from one anchor 
member to the next does not result in the sun's image 
leaving the receiver. A further advantage of this rapid 
movement is that, if necessary, the ram can off-steer the 
collector by asubstantial amount by engaging an anchor 
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then fully contracting in one operation instead of in 
steps. 

[0025] When the present invention is used with a large 
dish antenna, such as that illustrated in Figures 1 and 

s 2, the anchor members are approximately equi-spaced 
and secured to a circular concrete track. Each anchor 
member typically comprises a stanchion with a plate 
member at the top of the stanchion, extending radially 
inwards. A hole or aperture in the plate member is adapt- 

10 ed to receive a draw pin which is mounted for vertical 
movement at the end of the ram rod 86. When the draw 
pin and aperture are aligned, movement of the draw pin 
into the aperture secures the end of the ram rod to the 
anchor member. The draw pin assembly is mounted on 

*5 a roller structure which carries the end of the ram rod 
86 when the ram is expanding and the end of the ram 
rod is being moved from one anchor memberto the next. 
A guide mechanism is required to guide the roller struc- 
ture and ensure that the draw pin and the aperture in 

20 the plate member become aligned. 

[0026] The operation of the body rotating mechanism 
which has been built by one of the present inventors, 
and which is used with the solar collector dish antenna 
featured in Figures 1 and 2, is controlled by a pro- 

25 grammed microprocessor, which ensures that the line 
of sight of the collector dish of the antenna automatically 
tracks the sun each day. 

[0027] When the present invention is included in a 
large solar energy collector, of the type illustrated in Fig- 
30 ures 1 and 2, It is preferred that the support frame 15, 
on which the reflective panels 31 are mounted to from 
the dish 12, is constructed as a plurality of strut assem- 
blies, each strut assembly comprising six rigid struts, 
connected at their ends to four nodes of the support 
35 frame to form a tetrahedral strut assembly. In addition, 
the support frame 1 5 will have a plurality of dish mount- 
ing points, each dish mounting point being at a respec- 
tive one of the nodes of a strut assembly, the dish mount- 
ing points being located on the envelope of the shape 
40 of the dish. 

[0028] The use of tetrahedral strut assemblies pro- 
vides a strong and rigid, yet relatively light-weight, sup- 
porting frame for the dish of the antenna. Careful selec- 
tion of the length of the struts in the various tetrahedral 
<5 strut assemblies permits the mounting points for the 
dish, which are at respective nodes of the strut assem- 
blies, to be positioned accurately in any required loca- 
tion. By having the mounting points at the envelope of 
the dish surface, the dish - or the elements which make 
50 up the dish - can be mounted on the support frame with- 
out the need for adjustment of the spacing between 
each mounting point and the dish or dish element. Thus 
the antenna design can be effected in a laboratory and 
provided the appropriate number and lengths of struts 
55 are supplied to the antenna site, the dish supporting 
frame can be assembled accurately, in situ, and the dish 
can be mounted on the frame and the antenna operated 
immediately. 



EP 1 182 356 A2 



4 



7 

[0029] Examples of the way in which tetrahedral strut 
assemblies may be joined together to construct such a 
large dish support frame are described in the specifica- 
tion of International patent application No PCT/ 
AU93/00588, which is WIPO publication No. WO 
94/11918. 

[0030] In such a large solar energy collector, it is also 
preferred that the horizontal axis 1 4 about which the dish 
support frame 15 rotates is displaced a substantial dis- 
tance from the major axis or line of sight 32. In the large 
solar collector illustrated in Figures 1 and 2, the axis 14 
lies approximately midway between the centre of the 
surface 30 and its lowest outer edge 33. It will be appre- 
ciated that the stresses generated in the dish due to an 
offset axis of pivoting require a somewhat stronger dish 
support structure than would be the case with an axis of 
rotation at approximately the balance point of the dish 
and its support frame. The use of a dish supporting 
frame comprising tetrahedral strut assemblies provides 
such a frame, and allows it to be realised economically. 
[0031] Positioning the pivot axis 14 away from the 
centre of the collector dish means that, when aligned at 
or near the horizon, only about one quarter of the diam- 
eter of the collector lies below the axis 14. Thus a lower 
base frame 1 1 may be utilised, to provide a further sav- 
ing in materials and cost. 

[0032] Offsetting the pivot axis 1 4 does not reduce the 
total height of the antenna when the collector dish is 
tracking near the horizon. Tracking near the horizon, 
however, occurs early in the morning and late in the af- 
ternoon, when winds are usually light, and will have little 
effect on a large dish with a nearly horizontal line of 
sight. Stronger winds are usually experienced during the 
middle of the day, when maximum energy is collected. 
At this time, the total height of an antenna with an offset 
pivot axis 14 is reduced substantially and the collector 
dish remains relatively close to the ground. While this in 
itself does not effect or collector efficiency, the reduction 
in overall height does reduce the wind loads on the 
structure when the wind is stronger than a light breeze. 
This is partly due to the reduction in the area of the an- 
tenna structure that is exposed to the wind, and partly 
due to the normal attenuation of wind near to the ground. 
One consequence of this is the possibility that the dish 
supporting frame may be made weaker and the antenna 
will still be operable in the same maximum wind speeds. 
However, it is preferably not to reduce the strength of 
the dish support frame, but to have the benefit of the 
ability of the antenna to be operated in higher wind 
speeds without the risk that the wind will generate loads 
on the antenna structure which will damage the struc- 
ture. 

[0033] Thus, the use of the off-set axis 1 4 feature first- 
ly lowers the forces applied to the antenna structure, 
which allows continued operation in higher wind speeds, 
and secondly lowers the overall height when the collec- 
tor is "parked", with its line of sight 32 vertical, so that 
wind loads and potential damage are reduced. The only 
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disadvantage of an off-set horizontal axis is a slightly 
higher drive energy requirement, which must now sup- 
port part of the weight of the dish. However, the In- 
creased efficiency of operation of a solar collector an- 
5 tenna and the lower costs of construction more than 
compensate for this. 

[0034] Preferably, the other supporting structures 
used in the antenna illustrated in Figures 1 and 2, name- 
ly the base frame 11 and the back frame 25, are also 

10 constructed using tetrahedral strut assemblies. 

[0035] Skilled engineers will appreciate that the em- 
bodiments of the present invention which are illustrated 
in the accompanying drawings and described above are 
examples only of realisations of the present invention, 

15 and that the invention is not limited to those embodi- 
ments. 



Claims 

20 

1 . A mechanism for rotating a body about an axis (82), 
said mechanism comprising 

(a) an arm (81) attached to or forming part of 
25 said body, said arm extending generally radially 

from said axis; 

(b) a hydraulic ram having a ram cylinder (84) 
and a ram rod (86) actuated by hydraulic fluid 
within said ram cylinder, said ram cylinder being 

30 connected to said arm (81); 

(c) a plurality of substantially equi-spaced an- 
chor members (85a, 85b, 85c) fixedly mounted 
on a platform on which said body is mounted, 
said anchor members lying on a circle, or on an 

35 arc of a circle, the plane of said circle being or- 

thogonal to said axis and the centre of said cir- 
cle being on said axis; 

(d) means for engaging the end of said ram rod 
(86) which is remote from said ram cylinder (84) 

40 with a selected one of said anchor members; 

(e) substantially circular, an arcuate, guiding 
means (89) for guiding said end of said ram rod 
from said selected anchor member to an adja- 
cent anchor member; 

45 (f) locking means for temporarily locking said 

arm in locations occupied by said arm in its ro- 
tational movement about said axis; and 
(g) hydraulic control means for expanding and 
contracting said hydraulic ram. 

50 

2. A mechanism as defined in claim 1 , in which 

(1) said platform is the earth or a concrete pad 
mounted on the earth; 
55 (2) each of said anchor members is a stanchion 

affixed to said platform, said stanchion having 
a plate member extending radially inwards in 
relation to said circle or arc of a circle; 
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(3) said end of said arm (81 ) is supported by a 
carrier adapted to move over the surface of said 
platform; and 

(4) said means for temporarily securing said 
end of said ram rod to an anchor member com- 5 
prises means for temporarily connecting said 
end of said arm to said plate member. 

3. A mechanism as defined in claim 1 or claim 2, in- 
cluding a programmed microprocessor for control- 10 
ling the operation of said mechanism. 

4. A mechanism as defined in claim 1 , claim 2 or claim 
3, in a solar collector having a large dish 12 com- 
prising a plurality of reflecting elements (31) mount- is 
ed on a dish support frame (15), said body compris- 
ing a base frame (11) on which said dish support 
frame is mounted, characterised in that said dish 
support frame comprises 

20 

(a) a plurality of strut assemblies, each strut as- 
sembly comprising six rigid struts, the ends of 
the struts being connected to four nodes of the 
support frame to form a tetrahedral strut as- 
sembly; and 25 

(b) a plurality of dish mounting points, each dish 
mounting point being at a respective one of the 
nodes of a strut assembly, said dish mounting 
points being located on the envelope of the 
shape of the dish. 30 

5. A mechanism as defined In claim 4, further charac- 
terised in that said dish support frame (15) is 
mounted on said base frame (11) at a pivot axis (14) 
which is offset relative to both the pointing axis (32) 35 
of said dish (1 2) and the axis of rotation (20) of said 
base frame (11). 

6. A mechanism as defined in claim 5, in which said 
pivot axis (14) is located approximately mid-way be- *o 
tween the pointing axis (32) of the dish support 
frame (15) and the edge (33) of the dish support 
frame. 
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(54) Hydraulic control of the rotation of a body about an axis 



(57) Rotation of a body about an axis (82) is 
achieved by moving an arm (81) extending from the 
body. The mechanism for moving the arm includes a hy- 
draulic ram having a ram cylinder (84), which is connect- 
ed to the arm (81), and a ram rod (86). The end of the 
ram rod (86) which is remote from the ram cylinder is 
engageable with one of series of anchor members (85a, 
85b, 85c) mounted on a platform, in a circle or on an arc 



of a circle. The end of the ram rod (86), when disen- 
gaged from an anchor member, is guided to an adjacent 
anchor member along a circular, or arcuate, guiding 
means (89). This mechanism is suitable for the rotation 
of a support frame (15) of a large dish (12) of a solar 
collector antenna about a vertical axis (20), as part of 
the arrangement whereby the dish support frame (15) 
is moved - for example, to enable the dish to track the 
sun. 
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